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Method of Operating a Fuel Cell System, 
and Fuel Cell System Operable Accordingly 



The invention relates to a method of how to operate a fuel cell system 
which comprises at least one active membrane sandwiched between an anode 
layer and a cathode layer and comprising a catalyst, and a fuel supply having 
access to the anode layer and an air supply having access to the cathode layer, 
wherein the air supplied by the air supply is introduced by pressure into the fuel 
cell system, passes along the cathode layer and then leaves the fuel cell system 
and is used for both oxidant and coolant, and to a fuel cell system operable 
according to such method and comprising at least one active membrane 
sandwiched between an anode layer and a cathode layer and comprising a 
catalyst, and a fuel supply having access to the anode layer and an air supply 
having access to the cathode layer. It concerns a combination of the functions 
of a reactant supply and a cooling gas stream, particularly in a proton exchange 
membrane (PEM) electrochemical fuel cell system having cathode structures 
through which an air flow passes. 

BACKGROUND OF THE INVENTION 

U.S. Patent 5,595,834 describes a cylindrical stack of cells in which the 
movement of an air stream including the necessary oxygen is from the periphery 
toward a central hollow cylindrical region. That air stream has the function of 
providing the fuel cell with the necessary oxygen for the reaction within the 
single cells. For cooling, separator plates between the cells extend a certain 
distance beyond the stack periphery for removing heat from said cells to the 
ambient air. The passway of the hydrogen fuel is within the central region near 
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the centres of the cells and is connected to deliver the fuel to fuel flow fields in 
the cells. 

U.S. Patent 5,470,671 describes a fuel cell configuration in which all 
cathode sides of the cells (single cells arranged in a line, connected in series or 
bicells) are located at the periphery of the cell arrangement. The cathode is the 
periphery of each single cell. Therefore, it is possible to dissipate all heat 
generated exothermically in the membrane electrode assembly to the atmo- 
sphere, and to supply the necessary reaction air stream to the membrane within 
the same flow path. The reaction and cooling air stream are identical. A problem 
resulting from the prior art configuration is a large volume that is necessary 
since a conventional bipolar stack configuration is not possible. Furthermore, 
complicated gas supply and electrical connections are necessary which generally 
do not allow a large number of cells which would be needed to generate high 
voltages. The energy densities in weight and volume, and even the efficiency of 
this configuration are very low. 

EP 0 929 112 describes an air-cooled hydrogen air polymer electrolyte fuel 

> 

cell that has a twofold channel structure cooling plate. The cooling channel 
structure extends through the plate from a first side to a second side of the 
plate, wherein the air channel structure that supplies the fuel cell with the 
reaction air extends from a surface of a cathode flow field into the cooling 
channel of the cooling plate. The cooling air stream and the reaction air stream 
flow cross-sectionally. 

DE 196 00 200 CI describes a fuel cell wherein one of two dry or only 
partially humidified reactant gases flows parallel to the temperature gradient 
between the reaction gas inlet and the reaction gas outlet. In addition, an air 
flow is used for cooling purpose. 

On the other hand DE 40 28 339 Al discloses a fuel cell system in which 
an excess of hydrogen is used as reaction gas and coolant simultaneously. This 
requires additional means of recovering none-reacted hydrogen and cycling it 
back through the fuel cell system what again results in high complexity and low 
energy densities in weight and volume. 
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SUMMARY OF THE INVENTION 

By the invention, cooling of a fuel cell system which may be a single cell, 
a stack or a similar configuration is to be simplified while at the same time the 
effectivity of the system with reference to energy conversion, volume and weight 
are to be kept favourable. 

The invention uses an air flow with a high stoichiometric rate. This air flow 
contains the reaction gas oxygen for the electrochemical reaction at the cathode 
catalyst layer, and, furthermore, mainly the nitrogen contained in the air flow 
is used as a cooling gas. The reaction and cooling air stream are identical and 
are fed directly to the cathode compartment with such high stoichiometric rate. 
Depending on operating conditions and electrode structures, the stoichiometric 
rate is in the range of 25 to 140, more preferably in the range of 45 to 90. Due 
to that large air flow, the fuel cell is supplied with oxygen optimally and equally 
all over the surface of the cathode. Furthermore, the waste heat is removed 
directly from the cathodic electrode. The air flow is preferably spread in a 
channel structure over the whole active area. Additional cooling fluid and 
cooling compartment or cooling fins are not necessary. 

In accordance with the present invention, the channel system of the cooling 
plate is much more simplified. A special cooling plate with a twofold channel 
structure is not necessary. Furthermore, the gas distribution at the surface of 
the membrane is very uniform and efficient because the reaction oxygen is taken 
away by diffusion from the cooling air flow. This uniformity results in a constant 
humidity of the membrane and therefore in a constant and high power output. 
Only two gas streams are used, the cooling and reaction air flow are identical. 
This allows for minimization of peripheral aggregates and reduces the complex- 
ity of the fuel cell stack* In one preferred embodiment of the present invention, 
there is a cylindrical cell in which there is an air flow from the central region 
to the periphery or vice versa. 

The reaction oxygen leaves the air flow by diffusion through appropriate, 
preferably multi-layered, cathode diffusion structures. The concentration 
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gradient that drives the oxygen diffusion flow is generated by the oxygen 
consumption of the cathode catalyst if electrical current is produced by the cell. 

In this context the stoichiometric rate is defined as the factor by which the 
amount of oxygen in the actually applied air flow is higher than the amount of 
oxygen that is necessary for the chemical reaction in order to produce an actual 
electric power output. 

The fuel cell may either be a single cell or a stack configuration in the 
geometrical form of a rectangle. The rectangular shape has the advantage that 
the pressure drop within the air flow is relatively small if the flow is directed 
parallel to the short edge of the rectangle. Each single cell comprises a mem- 
brane, a multi-layered and diffusion limited anode, and a multi-layered and 
diffusion limited cathode. The cathode air conducting layer for the reaction and 
cooling air stream may have channels* The air conducting layer may be made 
of a porous or a non-porous material. 

Alternatively, the geometrical form of the fuel cell stack may be cylindrical. 
The individual cells therefore have a circular ring shape. The air flow is supplied 
in the axial direction by means of one or two blowers located at one or two 
endplates. On the one hand, the blowers can be attached to the endplates in a 
way that the electric motors of the blowers protrude from the cylindrical body 
of the stack, on the other hand the blowers may be completely contained in the 
central tube space within the stack. The advantage of this geometrical arrange- 
ment compared to a rectangular one is that there are no air manifolds necessary 
that guide the air flow from the blower to the single cells in the stack and that 
spread the air equally to the individual cells. The function of the manifold is 
provided by the inner cross section of the cells. 

Therefore, weight and volume are saved. Instead of the circular ring shape, 
other geometrical ring-like forms may be used, such as an elliptical ring or a 
square with a central square hole. Furthermore, the ring-like shape may be 
achieved by arranging several cells, perhaps belonging to different stacks, in a 
convenient way in order to save air supply manifolds. 

Preferably, the air flow is directed from the outer surf ace of the fuel cell 
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stack to the inner tube, but an air flow in the opposite direction may be used 
too. As a further possibility the air flow direction may be alternatingly reversed 
after certain time spans. 

These and further objects and features of the invention will become 
apparent in the following description of preferred embodiments of the inven- 
tion, referring to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic front view of a fuel cell with a rectangular configura- 
tion. 

Figure 2 is cross section through a circular fuel cell stack with two blowers. 
Figure 3 is cross section through a circular fuel cell stack with one blower. 
Figure 4 is a top view of the circular fuel cell of Fig. 3. 
Figure 5 is a top view of an air conducting layer of a fuel cell. 

> 

DETAILED DESCRIPTION OF THE EMBODIMENT OF THE INVENTION 

An electrochemical fuel cell 1 according to Fig. 1 comprises a membrane 
2, a cathode diffusion structure 3 at one side of the membrane 2, and an anode 
4 at the other side of the membrane 2. The anode 4 is covered by an endplate 
which in case of a fuel cell stack is a bipolar plate 5, and the cathode structure 
3 is covered by a flow field which is an air conducting layer 10 wherein air 
conducting channels 11 are formed. An end or bipolar plate covering the air 
conducting layer 10 is not shown in Fig. 1. At both sides of the membrane 2, on 
the surface thereof or on surfaces of the adjacent layer structures, there is a 
catalyst for enabling the desired reaction between H 2 and 0 2 generating H 2 0 at 
the cathode side and an electric voltage or current to be collected from the 
anode and cathode which constitute the electrodes of each cell. The cathode 
diffusion structure 3 allows air from the air conducting layer 10 to penetrate 
to a front area at the catalyst and membrane, and allows H 2 0 vapour to escape 
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from this front area. 

The air flow passes through the cathode diffusion structure 3 with a high 
stoichiometric rate. The stoichiometric rate means the ratio of the total oxygen 
input to the chemical oxygen consumption. This air flow contains the reaction 
gas oxygen for the electrochemical reaction at the cathode catalyst layer, and, 
furthermore, mainly the nitrogen contained in the air flow is used as a cooling 
gas. The reaction and cooling air flows are identically one single flow which is 
fed directly to the cathode structure with the mentioned high stoichiometric 
rate. Depending on operating conditions and electrode structures, the 
stoichiometric rate is in the range of 25 to 140, more preferably in the range 
of 45 to 90. Due to that high air flow, the fuel cell is supplied with oxygen 
optimally and equally all over the surface of the cathode. Furthermore, the 
waste heat is removed directly from the cathodic electrode. The air flow is 
spread in a channel structure provided by the channels 11 over the whole active 
area of the cathode and membrane. An additional cooling fluid and a cooling 
compartment, or cooling fins are not necessary. 

The reaction oxygen leaves the air flow by diffusion through the cathode 
diffusion structure 3 which is appropriately dimensioned for the purpose and 
preferably comprises, preferably multi-layered cathode diffusion structures. The 
concentration gradient that drives the oxygen diffusion flow is generated by the 
oxygen consumption caused by cathode catalyst if electrical current is taken off 
from the cell. 

If due to the high stoichiometric air flow the membrane 2 tends to dry out 
and to lose its ion conductivity at elevated operating temperatures, such 
consequence can be avoided by diffusion limited cathode and anode structures 
as described in WO 00/14816 are used, which is hereby incorporated by 
reference. This document teaches a polymer-electrolyte membrane fuel cell 
comprising a laminate of such membrane, an electrode containing a catalyst, 
a porous, electrically conductive gas diffusion layer and a current collector plate 
containing a gas distribution channel structure, and further having a gradient 
of the gas permeability, which gradient is present at least in a partial area, in 
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the laminate in the direction perpenticularly to the membrane, with a higher 
gas permeability closer to the membrane an a lower gas permeability closer to 
the current collector plate, wherein in operation at the membrane by a hylogen- 
oxygen reaction water and heat are produced, and wherein the gas permeability 
gradient exists in the gas diffusion layer which is adjacent to the electrode 
containing the catalyst, and at least in this partial area of the gas diffusion layer 
the gas permeability close to the current collector plate is lower to such a degree 
than in the vicinity of the membrane that a gas composition occurs which over 
the surface of the membrane is approximately constant; while the water which 
at the operating temperature is generated in vaporform creates such a water 
vapor diffusion stream through the gas diffusion layer that the humidity content 
of the membrane which is optimal for the conductivity is materially being 
maintained. Now, applying anode 4 and cathode 3 structures with extreme 
water retention properties, manufactured strictly according to the methods 
disclosed in WO 00/14816, cell operating temperatures of more than 70°C near 
the outlet are allowed to be achieved despite the large air volume passing the 
cathode. The air flow is generally not further humidified before entering the 
cathode compartment. 

The air flow causes a first temperature difference, i.e. of the air between 
inlet and outlet (AT^), and a second temperature difference, i.e. (AT^) within 
the electrode structure between air inlet and outlet. The AT d should be as small 
as possible, otherwise uniform humidity of the membrane is hard to maintain. 
A high AT^ causes a different moistening of the membrane. At the inlet of the 
air flow in the fuel cell, the product water is retained relatively well within the 
membrane because of the low temperature of the electrode material and the 
cooling and reaction air flow at this place. Rathei; the electrode pores are in the 
danger of flooding. At the outlet of the air flow, with its higher temperatures, 
the moistening of the membrane is generally smaller so that the membrane is 
in danger of drying out. This is the reason of designing the cathode diffusion 
structure as disclosed in WO 00/14816 and thus to maintain optimal membrane 
humidity despite (small) temperature gradients. Methods to reduce the tempera- 
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ture gradients will be disclosed in Example 3. Therefore, AT^ is preferably less 
than 25°C, and most preferably less than 8°C. In example 3, a method to reduce 
AT d by means of a parallel heat conducting layer, i.e., the bipolar plate 45, is 
described. 

On the other hand, AT^ should be as high as possible, otherwise the 
stoichiometric rate of the air flow has to be increased to a level such that the 
power demand of blowers generating the air flow decreases the efficiency of the 
whole system in an unreasonable way. AT^ is preferably higher than 15°C, and 
most preferably higher than 30°C. The surface of the cathode diffusion structure 
presented to the air flow, and the resulting heat transfer rate between diffusion 
structure and air flow are preferably designed in a way ending up with a 
temperature difference of less than 12°C between die air outlet and the cathode 
diffusion structure near the outlet. Most preferably this temperature difference 
is kept less than 7°C. Methods to achieve a high heat transfer rate are to increase 
the common surface between air and diffusion structure and to enhance the flow 
velocity. Both is achieved, in the described embodiment, by the air conducting 
layer 10 which serves as a cathode flow plate, comprising a large number of the 
narrow channels 11. Furthermore, the heat transfer rate is enhanced by using 
rectangular channel cross sections and a porous channel wall material. 

The above mentioned methods to increase the heat transfer rate tend to 
increase the pressure drop that is necessary to force the air through said channel 
structure as well. The energy consumption of the blower is thereby enhanced. 
However, it is typical for the present invention that no further heat removal 
system is necessary. 

Example 1: 

Still with reference to Fig. 1, the fuel cell 1 may either be a single cell as 
shown, or a stack configuration which in this embodiment has the geometrical 
form of a parallelepiped the section of which is a rectangle. The rectangular 
shape has the advantage that the pressure drop within the air flow is relatively 
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small if the flow is directed parallel to the short edge of the rectangle. As shown 
in Figure 1, each single cell consists of the membrane 2, the cathode diffusion 
structure 3 which is a multi-layered and diffusion limited cathode, and the 
anode 4 which is a multi-layered and diffusion limited anode. The anode 2 and 
cathode 3 are manufactured according to WO 00/14816. The cathode air 
conducting layer 10 is made of a porous or a nonporous material. For the 
reaction and cooling air flow it comprises the channels 11. If a nonporous 
material is used for the air conducting layer 10, the channel structure 11 is 
necessary. If a porous material is used, the channel structure 11 may be applied 
or not. The opposite side surface of layer 10 is a non-channelled side 12 feeing 
the membrane 2. 

In one preferred embodiment, the porous material of the air conduction 
layer 10 is a graphite paper, i.e. TGPH-1.5t from Toray, Inc. Japan. The channel 
structure 11, 1.1 mm in deep and 1.0 mm in width, with 1.2 mm between the 
channels, is milled in the graphite paper. The air conducting layer 4 disperses 
the oxygen equally on the surface of the cathode diffusion structure 3 because 
of the high stoichiometric air flow rate and the highly porous structure of the 
air conduction layer adopted in this embodiment. It may be advantageous to 
wet proof the air conducting layer 4 by using a commercially available PTFE 
dispersion. Diffusion structure 3 and air conducting layer 10 prevent the 
membrane 2 from drying out. The adopted anode 4 is a diffusion limited anode 
used to prevent a large amount of water from evaporating at the membrane 2 
towards the compartment of the anode 4 and condensing at the bipolar plate 
5 which is co oled from the air flow of the next cell. This water vapour is typically 
lost for membrane humidification, because recycle mechanisms are rather 
complicated. 

Example 2: 

In another preferred embodiment shown in Fig. 2, a fuel cell stack 15 has 
the geometrical form of a hollow circular cylinder or very nearly so, forming 
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some sort of an axial tube space 16. The individual cells 1 thereof have a circular 
ring shape, as shown in Fig. 4. The air flow 17 is supplied in axial direction into 
the tube space 16 by means of one or two blowers 18 located at one or respec- 
tively two endplates 19. The air flow 17 is directed from the axially outer 
surfaces 24 of the fuel cell stack 15 into the inner tube space 16 and penetrates 
through the individual cells toward the peripherally outer surface 25. 

The advantage of this geometrical arrangement compared to a rectangular 
one is that there are no air manifolds necessary for guiding the air flow 17 from 
the blower 18 to the cells 1 and spreading the air equally to the individual cells. 
The function of the manifold is provided by the tube space 9 formed by the inner 
cross sections of the cells 1. Therefore, weight and volume are saved. Instead 
of the circular ring shape, other geometrical ring-like shapes may be used, such 
as an elliptical ring or a square with a central square hole. The ring-like shape 
may also be achieved by arranging several cells, perhaps belonging to different 
stacks, in a convenient way in order to save air supply manifolds. 

The anode 4 of each cell is sealed by ring-shaped sealings 26 toward the 
inner tube space 16 and the outer surface 25 of the cylindrical arrangement. The 
sealings 26, the anode 4, the cathode diffusion structure 3, the bipolar plates 
5 and the hydrogen supply and mechanical compression system are designed 
as described in WO 00/02279, WO 00/14816, DE 199 17 722.8 and in WO 
00/10174, respectively, which are hereby incorporated by reference, the latter 
reference teaching an electrically conductive, flexible, and mechanically stable 
layer material containing a preformed, conductive, porous layer material, which 
contains non-metallic particles as a conductive component, wherein the pores 
of the preformed layer material are completely or partially filled with a cured 
resin, and the conductive particles are to an essential extent not coated with this 
resin. 

The air conducting layer 10, as part of the cathode, is constructed as shown 
in Figure 5. 

In order to determine a reasonable diameter for the inner tube space 16 
formed by the individual cells 1, the static pressure along the tube should vary 
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only a little bit (less than 10%) compared to the pressure drop that occurs 
within the air conducting layers 10. This results in an equal flow rate distribu- 
tion between the individual cells 1. For this reason, the decrease of static 
pressure in the inner tube space 16 due to friction and the increase of static 
pressure due to the reduction of dynamic pressure (flow speed) depending on 
the distance from the blower 18 need to be taken into account. Generally, the 
use of two blowers 18, as shown in Figure 2, one at each cylinder endplate 19, 
allows for a smaller inner diameter compared to a one blower arrangement. 

Example 3: 

The high stoichiometric rate of the cooling and reaction air flow and the 
resulting temperature gradients, especially the AT^, may result in different 
humidification states within the membrane 2, especially if dry reaction gases 
are used, thereby lowering the power output. 

Of course the electrode diffusion structures described in WO 00/14816 
allow for compensation of the temperature gradient by non-uniformity of the 
electrode itself. In high temperature regions the electrode structure has to be 
more dense in order to reduce the effective diffusion coefficient for water 
vapour, thereby keeping the water within the membrane 2. However, it turned 
out that the manufacturing process of such non-uniform electrodes is rather 
complicated, especially if the degree of non-uniformity is high. 

There are several methods to substantially reduce the temperature gradi- 
ents arising due to the cooling method of the present invention. 

The most simple method is reversing the air flow direction after certain 
time intervals. Fig.s 3 and 5 show an air inlet 30 and an oudet 31 which are part 
of the cell 1. The inlet and outlet functions are changed alternatingly. After 
reversing the direction, the temperature at the former outlet 31 is reduced 
whereas the temperature at the former inlet 30 rises. In average, this results in 
a nearly equal temperature distribution. 

Another method is to use bipolar plates 5 that have a high heat conductivity 
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parallel to the plate. This causes heat to be transported through the bipolar 
plates from the hot air outlet region to the relatively cold air inlet region. To 
avoid unreasonably high masses of the bipolar plates 5, a material with high 
specific heat conductivity may be chosen. Metals like aluminium, magnesium, 
beryllium and their alloys; graphite; and most preferably foils of pressed 
expanded graphite flakes have good properties. The foils made of expanded 
graphite have extremely anisotropic heat conductivity properties. The conductiv- 
ity parallel to the plane is extremely high compared to the rather low density 
of the material. It turned out that satisfying results may be achieved by com- 
pressing the foils until a density of 1.1 g/cm 3 to 1.9 g/cm 3 , and more preferably 
a density of 1.25 g/cm 3 to 1.45 g/cm 3 , is achieved. In order to get the foils 
gastight they may be impregnated with a resin before or after the production 
process. Preferably, phenolic-, furan- or epoxy resins are used. 

Another method of reducing AT^ between the air inlet 30 and air outlet 31 
regions at a given stoichiometric rate is by enhancing the heat transfer rate per 
unit active area toward the air outlet. In this case, the electrode temperature 
rises slower than the air temperature towards the outlet region. The channel 
structure of the cylindrical stack design of Example 2 as presented in Figure 5 
shows this property. Assuming that the air flow is directed from the outer 
surface 25 to the inner tube space 16, the channel surface per unit active area 
that transfers the heat to the airflow is nearly constant everywhere. Obviously 
the flow velocity is accelerated towards the inner, relatively hot space 16. 
Therefore the heat transfer rate per channel surface is enhanced. The hot 
regions are cooled more effectively and AT d is reduced compared to a rectangu- 
lar arrangement having uniform channel distribution. 

Example 4: 

Due to the sensitivity of the fuel cell membranes 2 to soluble impurities like 
NaCl or CaCO s that are typically present as dust in the air, the air may be 
cleaned by a filter before being fed into the cell. Otherwise such substances 
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dissolve, migrate into the membrane 2, and block the H + ion conductivity 
mechanism. Unfortunately, such filters cause a pressure drop in the air flow and 
add weight, volume and costs to the fuel cell systems, especially if they are 
designed according the present invention using high stoichiometric air flow. In 
order to overcome all of these problems an air filter integrated in the cathode 
diffusion structure 3 may be used. 

In order to avoid the migration of dissolved ions from the channelled air 
conducting layer 10 to the membrane 2 it is sufficient to apply a strongly 
hydrophobic layer comprising small pore sizes within the cathode diffusion 
structure 3. Due to the hydrophobicity and the narrow pore size liquid water 
is not likely to exist within these pores because of the resulting high surface 
energy. Water vapour and gases may penetrate such a layer with a rate that is 
sufficient for application in the cathode of the fuel cell. Even if dust from the 
air dissolves in product water near the channels 11, the produced ions are 
prevented from migrating into the membrane 2 because of a lack of liquid water 
in the filtering layer. 

Layers with these above mentioned properties are well known in the field 
of membrane distillation facilities. Typically they consist of porous stretched 
PTFE foils. Unfortunately for fuel cell applications, additional high electrical 
conductivity is recommended. One sheet material that may serve as a filtering 
barrier layer is "Carbel CL", a product of Gore, Inc. Before adding it between the 
air conduction layer 10 and the further electrode structures, i.e. 3 and 4, the 
sheet material has to be compressed by applying a mechanical pressure, 
preferably in the range of 100 to 800 bars and more preferably in the range of 
200 to 350 bars, at elevated temperatures. Improvements may be achieved by 
impregnating the porous Carbel CL foil with a PTFE/detergent suspension 
followed by a PTFE sintering process before compressing the sheet material as 
described above. 

Another possibility for a filtering layer uses the electrode structure dis- 
closed in Example 4 of WO 00/14816 directly as a filtering layer. As an impreg- 
nation material, graphite powder with a particle size of less than 4 jum and a 
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PTFE content of more than 50% has to be used. Advanced filtering properties 



Example 5: 

Two possible control and steering functions of the air flow in the fuel cell 
stack are described below: 

First the control and steering of the air flow rate could be done through the 
temperature as described in WO 00/14816, which is hereby incorporated by 
reference. To obtain a uniform water balance the operation temperature of the 
fuel cell stack could be chosen at an optimum by variation of the air flow and 
the air flow is varied by the speed of the blower generating it. 

Another way of controlling and steering the air flow rate is by means of an 
electronic controlled microprocessor. Again, the rotational speed of the blower 
varies the air flow. The following data have to be measured or calculated to 
define the needed rotational speed: 

a) voltage and current 

b) calculation of the waste heat under the assumption that the diffusion losses 
of the hydrogen migration through the membrane are constant (as a result 
of earlier tests) 

c) air temperature at the inlet (Tin) and outlet (Tout) 

d) dT/dt of the inlet and outlet air 

Under the further assumption that the heat capacity is known and constant 
all these data allow the microprocessor even in a not stationary modus to define 
the stoichiometric rate of the air flow. The control is now accomplished through 
the supply voltage of the motor of the blower (or blowers) with methods 
common in the field of electronics, in a proportional and/or integral and/or 
differential steering strategy so that the air flow remains in the interval of 25 
to 140 times the stoichiometric rate. 

For a fuel cell stack with forty unit cells 1 and a maximum power output 
of 670 W the air flow needed for the conversion of oxygen and hydrogen by the 
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chemical reaction in the fuel cells of the stack is 19.5 litres per minute in the 
case of maximum power output. This follows from the fact that 0.058 cubic 
centimetres of 0 2 under normal conditions have to be converted to water to 
obtain an electric charge of 1 coulomb. For said stack a maximum current of 
27.9 A is achieved. This results in an oxygen flow of: (0.058 cc/As*27.9 A*40) 
= 64.7 cc/s = 3.9 1/min. As there are roughly 20% 0 2 in the ambient air the 
required air flow has the above stated value* In order to remove the waste heat 
from the fuel cell stack for ambient air temperatures between -10°C and +46°C 
and the full range of output power levels the blowers have to produce an air 
flow between approximately 490 1/min and 2720 1/min what means a 
stoichiometric rate between 25 and 140. With a cell operation temperature 
within the stack in the vicinity of 60°C a maximum increase of the temperature 
of the cooling air flow of roughly 70 Kelvin and 14 Kelvin for an ambient 
temperature of -10°C and 46°C respectively is possible. Assuming an efficiency 
of the fuel cell stack of approximately 50% a waste heat of 670 Joule per second 
has to be removed for maximum power output. With the maximum possible 
temperature increase of the air flow this results in the above stated minimum 
air flow rates. The air flow necessary to remove the waste heat can be deter- 
mined experimentally at given ambient temperatures and output power levels 
by measuring the blowers rotational speed which is related to the air flow they 
produce. The rotational speed of the blowers is regulated in a way that a certain 
cell operation temperature which for example is dependent on the current that 
is taken off from the stack is maintained within the stack. The experimentally 
determined air flow rates are in reasonably good accordance with the theoreti- 
cally expected values. Within the scope of the invention the stated stoichiometric 
rates are adjusted according to the mentioned calculus for fuel cell stacks with 
different sizes and power outputs. 
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Claims: 



2. 



3. 



A method of how to operate a fuel cell system (1, 15) which comprises at 
least one active membrane (2) sandwiched between an anode layer (4) and 
a cathode layer (3) and comprising a catalyst, and a fuel supply having 
access to the anode layer and an air supply (17, 18) having access to the 
cathode layer, wherein the air supplied by the air supply is introduced by 
pressure into the fuel cell system, passes along the cathode layer and then 
leaves the fuel cell system, and is used for both oxidant and coolant, 
characterized in that the air is introduced into the fuel cell system (1, 15) 
with a rate resulting in a stoichiometric rate in the range between 25 and 
140. 

Method according to claim 1, characterized in that the stoichiometric rate 
is in the range between 45 and 90. 

Method according to claim 1 or 2, characterized in that the air flow direc- 
tion within said fuel cell system (15) is alternatingly reversed after certain 
time spans. 

A fuel cell system adapted to be operated according to the method of any 
of claims 1 to 3, the fuel cell system (1, 15) comprising at least one active 
membrane (2) sandwiched between an anode layer (4) and a cathode layer 
(3) and comprising a catalyst, and a fuel supply having access to the anode 
layer and an air supply (17, 18) having access to the cathode layer, 
characterized in that the cathode layer(s) (3) or a part of the cathode layers 
is equipped with air penetrating ducts allowing an air flow parallel to the 
membrane (2) at a flow rate resulting in a stoichiometric rate in the range 
between 25 and 140. 
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6. 



7. 



8. 



Fuel cell system according to claim 4, characterized in that the air penetrat- 
ing ducts are formed in an air conducting layer (10) which is adjacent and 
in contact to the cathode layer (3), the latter one having diffusion proper- 
ties. 

Fuel cell system according to claim 4 or 5, characterized in that the air 
penetrating ducts consist of channels (11) formed in the cathode layer (3) 
or in the air conducting layer (10) and extending along the air flow path. 

Fuel cell system according to claim 6, characterized in that in the flow 
direction, the total of the channel (11) section area decreases. 

Fuel cell system according any of claims 4 to 7, characterized in that it 
comprises a fuel cell stack which has a geometrical form of a parallelepiped 
with a rectangular traverse section wherein the air penetrating ducts (10) 
of each single cell (1) are directed parallel to the short edge of the rectan- 



Fuel cell system according any of claims 4 to 7, characterized in that it 
comprises a fuel cell stack (15) which has a geometrical form close to a 
cylinder, and has individual cells (1) each comprising an active area in the 
form of a circular ring, the circular rings in the stack delimiting a central 
tube (16) within the stack from which tube the air penetrating ducts (10) 
spread and direct the air flow radially through the individual cells. 

i. Fuel cell system according claim 9, characterized in that the air flow is 
generated by one or two blowers (18) located at one or two endplates (19) 
of the fuel cell stack (15). 



gle. 



11. Fuel cell system according to any of claims 4 to 10, characterized in that 
it comprises a fuel cell stack (15) with gas separator plates (5) between the 
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single fuel cells (1), wherein the material of said gas separator plates has 
a ratio heat conductivity parallel to the membrane to density of > 0.04 W 
m 2 /(kgK). 

12. Fuel cell system according claim 11, characterized in that the material of 
the gas separator plates (5) is a foil made of expanded graphite. 

13. Fuel cell system according any of claims 4 to 12, characterized in that the 
single fuel cell (1) at its cathode side comprises a diffusion structure 
wherein an air filter is contained. 

14. Fuel cell system according claim 13, characterized in that said air filter is 
made of a layer sheet material which is strongly hydrophobic and com- 
prises small pore sizes. 

15. Fuel cell system according claim 14, characterized in that the material of 
the air filter is a porous stretched PTFE foil filled among others with an 
electrically conductive material. 



16. 



Fuel cell system according claim 15, characterized in that the PTFE foil is 
further compressed and impregnated with a PTFE detergent suspension. 




Fig.4 
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a patent (Rule 4 A 7(H)) for the following designations AE, 
AG, AL. AM, AT, AU. AZ, BA, BB, BG, BR BY, BZ, CA, CH, 
CM CO. CR, CU, CZ t DE, DK, DM, DZ, EE, ES, FJ, GB. 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS f LT. LU, LV f MA, MD, MG, MK, 
MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, \>N, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, MZ, SD, SL, 
SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 



DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), 
OAPI patent (BF, BJ, CF, CG, CI. CM, GA, GN. GW, ML, 
MR, NE, SN, TD, TG) 

— as to the applicant s entitlement to claim the priority of the 
earlier application (Rule 4. 1 7 (Hi)) for all designations 

— of inventorship (Rule 4. 1 7(iv)) for US only 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

28 March 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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Sheet No. ...4.. 



BoxNo.VTII(i) DECLARATION: IDENTITY OF THE INVENTOR 

The declaration must conform to the standardized wording provided for in Section 21 1 ; see Notes to Boxes Nos. VIII, VIII (i) to (y) (in general) 
and the specific Notes to Box No. VIII (i). If this Box is not used, this sheet should not be included in the request. 



Declaration as to the identity of the inventor (Rules 4. 17(i) and 5 U?£y. 1(a)(0): 

in relation to this international application, 

(i) KOSCHANY Petra of Strasskirchen/Salzweg , Germany, is the inventor of 
the subject matter for which protection is sought by way of this 
international application 

(ii) this declaration is made forthe purposes of: 
(a) all designations. 



n This declaration is continued on the following sheet, "Continuation of Box No. VIII (i)" 



Form PCT/RO/101 (declaration sheet (i)) (March 2001) 



See Notes to the request form 
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Box No. VIII (Iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of America) 
The declaration must conform to the following standardized wording provided for in Section 21 4; see Notes to Boxes N os. VIII, VIII (i) to (y) 
(in general) and the specific Notes to Box No. VIII (iv). If this Box is not usea\ this sheet should not be included in the request 



Declaration of inventorship (Rules 4.17(iv) and 51Mr.l(a)(iv)) 
for the purposes of the designation of the United States of America: 

I hereby declare that I believe I am the original, Grst and sole (if only one inventor is listed below) or joint (if more than one inventor 
is listed below) inventor of the subject matter which is claimed and for which a patent is sought. 

This declaration is directed to the international application of which it forms a part (if filing declaration with application). 

This declaration is directed to international application No. PCT/ . . (if furnishing declaration pursuant 

to Rule 26/er). 

1 hereby declare that my residence, mailing address, and citizenship are as stated next to my name. 

1 hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims 
of said application. 1 have identified in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority, 
and I have identified below, under the heading "Prior Applications," by application number, country or Member of the World Trade 
Organization, day, month and year of filing, any application for a patent or inventor's certificate filed in a country other than the United 
States of America, including any PCT international application designating at least one country other than the United States of America, 
having a filing date before that of the application on which foreign priority is claimed. 

Prior Applications: .United . Kingdom. Patent .Application. NO ... 0007160 , 5 

filed 25 March 2000. 

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by 
37 C.F.R. § 1 .56, including for continuation-in-part applications, material information which became available between the filing date 
of the prior application and the PCT international filing date of the continuation-in-part application. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Tingdi Liao 

Name: 

Residence: .??. l^P. ??) .'. .P®Y.9P.? . .VP.* . J? *ngdpin 

(city and either US state, if applicable, or country) 

Mailing Address: .TJ 1 . 6 : . ™ a .\9. r .Ys. . ?. 9 . . P. r .ecpn Close,. .Paignton, Devon, 

TQ4 7G F / . United . Kingdom 



Citizenship: . . . Chi A3 ■ * - • - rjf- f ; 

mvenlc-s Signature: . . Tf^TT. Date, 3 ?. «. ,. . V^i . 

(if not contained in the request, or if declaration is corrected or (of signature which is not contained in the request, or of the 

added under Rule 26/er after the filing of the international declaration that is corrected or added under Rule 26/er after the 

application. The signature must be that of the inventor, not that of filing of the international application) 
the agent) 

Raymond John Chaney 

Name: J 

n Berkeley, Gloucestershire/ United Kingdom 

Residence: r - 

(city and either US stale, if applicable, or country) 

Mailing Address: . P. a b Ur n U ™ . £9^*9.® ' . J??* ,?. r .9?K® 1 ?5 3l .1 - P.9f *9l. e .¥ f 

. .Gl puces teirsrUre.,. .(SI* 13. . .United. .Ki.ngd.Qin. 

Citizenship: . . Un i. t€ ? d . KiPS<?9Fl 



Date: . . £ f. T* - . /fi**Ff'T. . .-?rHT?/. 



Inventor's Signature: 



(if not contained in the reques'Cor iideclaration is corrected or (of signature which is not contained in the request, or of the 

added under Rule 26/er after the filing of the international declaration that is corrected or added under Rule 26/er after the 

application. The signature must be that of the inventor, not that of filing of the international application) 
the agent) 



| | This declaration is continued on the following sheet, "Continuation of Box No. VIII (iv)*\ 



I \n in I'CT/RO/KH (declaration sheet (iv)) (March 2001) See Notes to the request form 
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Box No. VIII (ili) DECLARATION: ENTITLEMENT TO CLAIM PRIORITY 

The declaration must conform to the s tandardizedwordingprovidedforinSection2I3; see Notes to Boxes Nos. VIII. VIII (i) to (v) (in general) 
and the specific Notes to Box No. VIII (Hi). If this Box is not used this sheet should not be included in the request 



Declaration as to the applicant's entitlement, as at the international filing date, to claim the priority of the earlier application specified 
below, where the applicant is not the applicant who filed the earlier application or where the applicant's name has changed since the 
filing of the earlier application (Rules 4.17(iii) and 516w.l(a)(iii)): 

in relation to this international application, 

Manhattan Scientifics, Inc., is entitled to claim priority of earlier 

application No. 60/192579 (USA) by virtue of the following: 

(iv) an assignment from Koschany Petra to Manhattan Scientifics, Inc., 

dated 2nd March, 2000. 
(ix) this declaration is made for the purposes of: 

(a) all designations. 



PI This declaration is continued on the following sheet, "Continuation of Box No. VIII (hi)". 



Form PCT/RO/101 (declaration sheet (iii)) (March 2001) 



See Notes to the request form 



